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Abstract: Nowadays most discussed technology is mm-wave and 5G 
communication. The requirement of 5G technology is high bandwidth, high 
data rate, and low latency. To fulfil these requirements for the current 
growth in mobile communication multiple input multiple output antenna is 
used. This bibliometric paper throws light on the various methods used to 
improve mutual coupling between multiple antennas. Various mutual 
coupling reduction techniques that are used in MIMO antennas like 
Dielectric resonator antenna, Electromagnetic Bandgap Structure, 
Neutralization lines, Defected Ground Structures, Metamaterial, etc. are 
explained.  Scopus database is used for this bibliometric review on mm-
wave MIMO 5G technology from the year 2016 to 20th December 2020. 
This paper elaborates, a bibliometric survey of MIMO antennas used in 5G 
technology for an mm-wave frequency range. 




In the last few years due to rapid development in wireless communication especially 
mobile communication has triggered the need for a rapid increase in system capacity. To 
fulfill the demand for increased bandwidth, high data rate, more capacity, very low 
latency, and better quality of service next-generation 5G technology is promoted. The 
specifications of 5G technologies are forward error correction, mobility, frequency bands, 
data rate, spectral efficiency, access technology, connection reliability, and latency 
[Kumar et al. 2020] [Huang et al.  2018] [ Hong et al. 2017]. According to ITU-R 
frequency spectrum for the fifth-Generation communication is classified into two 
different categories: Below 6GHz band frequency range 1 (FR1) as shown in table 1and 
above 6GHz band frequency range 2 (FR2) as shown in table 2[ITU-R 20117] [Kumar et 
al. 2020].  




Classification of 5G antennas can be done according to the number of input and 
output ports. According to [Kumar et al. 2020] and [Khan et al. 2018], antennas are 
classified as SISO (Single Input Single Output) antennas, MIMO (Multiple Input 
Multiple Output) antennas, and Metal Rim Antennas. Again, these are classified as 
wideband antennas and multiband antennas. SISO antennas are implemented by some 
researchers for 5G applications as these are simple to design and easy to implement. But 
frequency band above 6 GHz suffers from propagation loss and is replaced by multiple 
antennas at the cost of complex design and increased cost [Liu et al. 2018]. The main 
limitation of the SISO system is data rate which can be overcome by MIMO systems 
[Nadeem et al. 2019]. 
Table 2: Above 6GHz 5G Frequency bands (frequency range 2 (FR2)) [Kumar et al. 
2020]. 
 
 MIMO is the technology where using more than one antenna at the transmitting 
and receiving end multiplies the capacity of the radio link. In 5G communication, MIMO 
plays a vital role as it can increase channel capacity by using multiple antennas both at 
receiving and transmitting ends which increases the data rate in the wireless 
communication system. In 5G communication, the main requirement of the antenna 
design is compact size. But as we reduce the space between the two antennas it leads to 
an increase in the mutual coupling between them. This mutual coupling between antenna 
element arises due to large displacement of surface current from excited port to non-
excited port [Nadeem et al. 2019]. The major challenge in recent MIMO antenna design 
is reduced mutual coupling by maintaining a compact size. 
Lots of research is available in multi-band antenna design and wideband antenna 
design [Raut et al. 2021] [Shevada et al. 2021]. But nowadays most discussed technology 
is mm-waves (millimeter-waves) specifically from the 24-100GHz band. 5G system uses 
this band due to the growing demand for low latency, high data rate, and low bandwidth 
in the microwave frequency band [Vannithamby et al. 2017]. So, in recent years antenna 
design in mm-wave has received importance. This paper elaborates, a bibliometric survey 
of MIMO antennas used in 5G technology for mm-wave frequency range and also 
presents the amount of research available.  
The bibliometric survey is carried out to measure the amount of work done in 
journal, books, countries, universities [Patil et al.2020] [Dixit 2020d]. This paper presents 
a bibliometric survey on the amount of work done in 5G mm-wave applications for 
MIMO antennas in the form of publications in different reputed journals, type of 
documents used, per year number of publications, and the number of publications done 
in different countries. For the first time such type of survey is presented on a MIMO 
antenna operated at mm-wave frequency range for 5G application. The paper is organized 
as follows: after a brief introduction, it is followed by different performance enhancement 
technique for 5G antennas and different techniques to decrease mutual coupling for 
MIMO antennas is presented. Then a brief bibliometric analysis as per the Scopus 
database is presented.  
 
1. Different Performance enhancement techniques for 5G antennas: 
Antenna performance can be enhanced by improving different antenna parameters 
like bandwidth, gain, compact size, efficiency, and reducing mutual coupling between 
antenna elements [Kumar et al. 2020] [Dixit et al. 2020a]. Different performance 
enhancement techniques are proposed by different researchers. Figure 1 shows the 
different performance enhancement techniques used in SISO as well as MIMO antennas. 
 
Figure 1. Different Performance enhancement techniques used for 5G antenna (Kumar 
et al. 2020) 
Following are the different performance improvement techniques used in 5G antennas: 
• Dielectric Lens: This improves the gain and antenna directivity by transmitting 
radiation in one particular direction. The dielectric lens is available in different 
shapes like circular, rectangular, elliptical, or trapezoidal. This is made of the 
different or same substrate material [Kim et al. 2018]. 
• Substrate Choice: A substrate with minimum permittivity is taken to improve 
the antenna gain and a substrate with minimum loss tangent is taken to reduce 
power loss. In the market variety of substrates are available with different 
permittivity and loss tangents for antenna design and fabrication [Dixit 2020a] 
[Hussain et al. 2020]. 
• Corrugation: Corrugation is used to enhance front to back ratio and the 
bandwidth [Dixit 2020b]. 
• Array: Array or multi-element antennas is used to improve gain, efficiency, and 
bandwidth.  But it increases the size of the antenna [Bhadoria et al.  2018]. 
• Mutual coupling reduction techniques: Different decoupling techniques are 
used in MIMO antenna to decrease the mutual coupling between two antenna 
elements by maintaining a compact size. These techniques also improve antenna 
parameters like efficiency, gain, and bandwidth [Nadeem et al. 2019].  
The main requirement for a MIMO antenna is compact size. But it increases the mutual 
coupling between antenna elements and it affects input impedance, radiation pattern, and 
reflection coefficient of the multi-element antenna. Figure 2 lists the different mutual 
coupling reduction techniques  
 
Different Mutual Coupling Reduction Techniques: 
Defected Ground (DGS) Structure: In this type slots or defects are etched in the middle 
of the two antenna elements. DGS not only reduces mutual coupling between antenna 
elements but also upgrades efficiency, front-to-back ratio, and bandwidth [Niu et al. 
2019]. 
Electromagnetic Bandgap (EBG) Structure: EBG structure is used as a channel for 
transfer of electromagnetic wane and it stops electromagnetic waves of the particular 
frequency. EBG structure has a periodic arrangement and is made up of metallic and 
dielectric structures [Shen et al. 2019]. 
Slot or Parasitic Element: In the slot element technique additional coupling path is 
added to reduce mutual coupling between antenna elements. The advantage of this 
technique is the size and design simplicity [Nadeem et al. 2019]. While designing it's 
difficult to choose the location of the slot element [Gunjal et al. 2020]. 
Complementary Split Ring (CSRR) Resonator: CSRR is the periodic structure made 
up of a capacitive gap, shunt strip, or metallic ring. CSRR is used to reduce mutual 
coupling and carry out filtering function. It enhances efficiency by maintaining a compact 




Figure 2. Different Mutual Coupling Reduction Techniques (Kumar et al. 2020) 
 
Dielectric Resonator: An antenna with a dielectric resonator is called a dielectric 
resonator antenna (DRA). DRA is available with various shapes like rectangular, 
cylindrical, and hemispherical. DRA provides low loss, high gain, and high efficiency 
[Zhang et al. 2019]. 
Frequency Reconfigurable: It makes use of switching techniques using a p-i-n diode, 
varactor diode, and MEMS switches to improve envelop correlation coefficient and 
frequency range. It not only reduces mutual coupling but also improves efficiency and 
diversity gain [Nie et al. 2019]. 
Neutralization Lines: Using the neutralization lines technique, mutual coupling between 
antenna elements is reduced by passing electromagnetic waves through the lumped or 
metallic slit. It provides improved bandwidth and efficiency with a complex structure 
[Liu et al. 2020]. 
Metamaterial: In this technique, the MIMO antenna is fabricated using composite 
materials like plastics and metals. With the help of two or more material metamaterial 
antennas can be designed. It provides high gain, enhances bandwidth, lower mutual 
coupling with compact size [Dixit 2020c] [Vallappil et al. 2020]. 
Decoupling Networks: The decoupling network adds pattern diversity for dummy load, 
coupled resonators, and multielement technique. In this technique, cross admittance is 
converted to unreal value by appending discrete components or transmission lines [Li et 
al.  2019]. 
Different acronyms used in this bibliometric paper is listed below in table 3. 
Table 3: list of Acronyms. 
Sr. No.  Acronyms Meaning 
1. MIMO Multiple Input Multiple Output 
2. SISO Single Input Single Output 
3. 5G Fifth Generation 
4. mm-Wave Millimetre Wave 
5. DRA Dielectric Resonator Antenna 
6. CSRR Complementary Split Ring Resonator 
7. EBG Electromagnetic Bandgap Structure  
8. DGS Defected Ground Structure  
9. FR1 Frequency Range 1 
10. FR2 Frequency Range 2 
11. ITU International Telecommunication Union 
 
2. Bibliometric analysis of MIMO antenna for 5G mm-wave application 
In this section bibliometric analysis of MIMO antenna for 5G mm-wave application is 
carried out. According to the number of documents published per year, it is noticed that 
the research in MIMO antenna using millimeter-wave frequency range for 5G application 
is started in the year 2016 with only one document published. Figure 3 shows that a total 
of 140 research documents is published from the year 2016 to 2021. Over the years more 
and more attention is paid to mm-wave bands because of their more sequential bandwidth. 
So, the use of mm-wave is exponentially increasing for MIMO 5G application with 7 
Publications in 2017 and 52 in 2019. A maximum of 53 publications is observed in the 
year 2020. Still, rigorous research is going on incoming 2021.   
 
Figure 3: Number of documents published per year. 
Figure 4 depicts number of papers published from the year 2016 to 2020 in top 10 
journals like IEEE access, IEEE transaction on Antenna and Propagation, Progress in 
Electromagnetic Research C, Sensors Switzerland, Electronics Switzerland, Microwave 
and Optical Technology Letters, International Journal of Microwave and Wireless 
Technologies, and so on. Out of all maximum of 15 papers are published in IEEE access 
and 13 in IEEE Transaction on Antenna and Propagation. Few papers are published in 
Progress in Electromagnetic research C and Sensors Switzerland. Minimum of three 
papers published in Computers Materials And Continua, IEEE Antennas And Wireless 
Propagation Letters and International Journal Of Antennas And Propagation. Further it is 
analysed that maximum number of documents are published in year 2019. The list of 
journals and the total number of publications in each journal from the year 2016 till 2021 
are listed in table 4. 
Figure 5 summarize the contribution in the field of mm-wave MIMO antenna for 

















MIMO antennas at mm-wave. Out of 160 authors, the highest paper is published by Abd-
Alhameed, R.A. followed by Koul, S.K. No of the documents published by Abd-
Alhameed, R.A.is 7 and by Koul, S.K. is 6.    
Table 4: List of Journals and publications. 
 
 
Figure 4: Number of documents published in top 10 journals per year. 
 
 
Figure 5: Contribution to research area of mm-wave MIMO 5G antenna by top 15 
authors. 
Statistical analysis based on the type of document published is provided in figure 6. 
Type of documents means whether it is conference paper, review paper or it is an article. 
















According to the analysis presented based on the data extracted from Scopus, it is noted 
that 61% are the research article and 35% are the conference papers. Only 4% of review 
papers are published according to the distribution shown in the figure. So, this 
bibliometric review will help new researchers for finding research gaps.  
 
 
Figure 6: Statistical analysis of research document by type. 
 
Figure 7 depict the percentage-wise distribution of research document based on the 
subject area. And it is concluded that maximal research is carried out in engineering, 
computer science, and physics and astronomy. The percentage of documents published is 
36.3%, 22.4%, and 14.6% respectively. Very little research is carried out in Medicine, 
Social Sciences, Energy and Business, Management, and Accounting. 
The topmost fifteen universities contributing to the field of mm-wave 5G MIMO 
antenna is presented in Figure 8. University of Bradford and University of Engineering 
and Technology, Peshawar shows more contribution in the field of mm-wave MIMO 5G 
antenna followed by Indian Institute of Technology Delhi, University of Electronic 
Science and Technology of China, and Bradford College. As per the Scopus database, it 
is observed that a total of 160 universities have contributed towards research in mm-wave 









Figure 7: Distribution of research document based on subject area. 
 
 
Figure 8: Analysis based on documents published by top 15 universities.  
Figure 9 depicts the analysis of mm-wave MIMO 5G antenna based on Funding 
sponsors. The top 15 funding sponsors are investigated for analysis. It is observed that 
National Natural Science Foundation of China is the highest funding agency followed by 
National Research Foundation of Korea, Huawei Technologies, and Institute for 
Information and Communications Technology Promotion. Number of documents 
sponsored are 15, 4, 3, and 3 respectively. 
 
Figure 9: Analysis based on documents by Funding Sponsors.  
Contribution by top 15 countries or territories that have published documents in the 
area of mm-wave MIMO 5G antenna is depicted in figure 10. The analysis shows that 
China has a maximum contribution of around 28 documents published in mm-wave 
MIMO antenna followed by Pakistan with 23, the United Kingdom with 22, and India 
with 21 documents. 
 
Figure 10: Analysis based on no. of documents by Country or territory. 
 
Figure 11: Country or territory wise documents published. 
  
 
Figure 12: Network visualization providing linkage between source title and keywords. 
 
 
Figure 13: Analysis map representing co-appearance of authors and co-authors 
within the same papers 
Figure 11 presents the research documents published in different countries all over 
the world. This map is drawn using a Google spreadsheet. Publication count is shown at 
the bottom part of the map. Where green colour presents maximum publications and red 
presents minimum publications.  
As per the Scopus database figure 12 depict the network visualization based on 
interconnection between keywords and source title. Big and small circles represent the 
different keywords used in the extracted document. The biggest circle represents the 
maximum time occurrence of the keyword. The frequency of occurrence of keyword 5G  
is largest represented by bigger circle followed by MIMO and millimeter wave. Distance 
between the keywords represents an association between keywords. Smallest distance 
more association and largest distance less association. A group of authors and co-authors 
appearing among the similar paper is presented in figure 13.  Figure 13 represents seven 





Table 5: Top 8 highly cited document. 
 
3. Conclusion 
Paper provides various methods used to reduce mutual coupling between antenna 
elements. This Bibliometric survey paper provides a detailed analysis of work done in 
mm-wave MIMO 5G antennas. This paper presents a detailed statistical analysis of a 
number of publications per year, documents published in various journals per year, a 
distribution based on the subject area. From this analysis, it is concluded that still there is 
a scope of work in this area according to the number of documents published from the 
last five years. This paper also provides a detailed analysis of research contributions by 
various authors, universities. A network map is elaborated to represent the linkage 
between different keywords used in the source title. The analysis map represents co-
appearance of authors and co-authors. It is proven from various analyses done in mm-
wave 5G MIMO antenna that contribution by China is more in this area of research. This 
bibliometric survey paper also provides a citation count for the various paper thereby 
enabling the new researchers to work in mm-wave 5G MIMO antenna.   
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